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1.  Introductiontc "1.  Introduction" \l 1
Welcome to the Language-Independent Description (LID) of the SSUSI Nighttime Non-Auroral F-Region Algorithm.    

This document details the SSUSI Nighttime Non-Auroral F-Region Algorithm in a manner which is independent of any computer programming language or computer hardware architecture.  It is important, though, that the reader have a basic understanding of mathematics (variables raised to a power, square-roots, power series, etc.).

1.1  The SSUSI Nighttime Non-Auroral F-Region Algorithmtc "1.1  The SSUSI Nighttime Non-Auroral F-Region Algorithm" \l 2
The SSUSI Nighttime Non-Auroral F-Region Algorithm attempts to quantify characteristics of the F-Region in the ionosphere.  Specifically, the Algorithm deals with measurements obtained from nighttime latitudes that are NOT within an aurora region.The methods used in the quantification rely upon specific Ultra-Violet emissions as measured by the SSUSI instrument.  The output products are distinguished by region (Disk, Limb, and Nadir) and consist of the following:

HmF2
The Height at which the Peak Density of Electrons occurs, in units of [Kilometers].  Only calculated for Limb and Nadir regions.

NmF2
The Peak Density of Electrons, in units of [electrons*cm-3].  Calculated for Disk, Limb, and Nadir regions.

FoF2
The Plasma Frequency, in units of [seconds-1].  Calculated for Disk, Limb, and Nadir regions.

The algorithms presented herein have been developed to allow the routine conversion of SSUSI nightglow intensities into the ionospheric parameters NmF2 (the F2-layer peak density) and HmF2 (the F2-layer peak height).  Observations at the nadir, disk and limb have been considered largely independently, and this is reflected in the algorithms.  The basis of these algorithms are ionospheric parameters in the Phillips Laboratory GTIM, thermospheric parameters taken from MSIS-86, and a set of reaction rates and cross-sections that form the nightglow model.  Indeed, the algorithms are nothing more than convenient numerical representations seen in a grid of modeling simulations between model ionospheric and nightglow parameters.

At the satellite nadir, observations of line intensity in both 1356A (denoted I1356) and 6300A (denoted I6300) will be made by SSUSI, and both NmF2 and HmF2 can be derived from these observations, according to the modeling study.  NmF2 is related closely to the square root of the 1356A nightglow intensity.  Mathematically, 
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This reflects the generally similar profile shapes produced by GTIM.  However, while the slope, B, is invariant, we are better able to allow for variations in profile shapes by parameterizing the offset parameter, A, with respect to Season, Solar Activity Level, Local Time, and the Region of the observation (the latter essentially determines whether the post-sunset upward vertical drift is strong enough to significantly broaden the profile).  HmF2 can be expressed in terms of the ratio
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Mathematically,
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where the parameterization  was simpler by having two parts to the slope and offset evaluation; one that is a function only of Local Time (A and B) and another that is a function of (actually, a lookup table in) Season and Solar Activity.  A larger scatter in this relationship reflects the neutral temperature modification of the O2 scale height as it affects I6300.

Towards the disk, only a single obsrvation is available (slant I1356) but in a variety of look directions (defined by the nadir angle, theta).  No reliable algorithm relating slant I1356 to HmF2 at any point along the raypath could be found, and it is proposed that interpolation be used to fill in the region between the nadir and limb.  NmF2 (chosen at the ground intersection point of the raypath) was seen to relate to slant I1356.  Mathematically, 
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where both A and B are both functions of Season, Solar Activity Level, Local Time and Nadir Angle, and An and Bn are the offset and slope parameters previously derived for the nadir case.

In the antisunward direction, SSUSI will be providing a limb profile in 1356A intensity.  The parameters of this profile that best relate to ionospheric parameters at the limb location are Imax, the limb profile peak, and Tmax, the tangent height at the limb profile peak.  NmF2 at the limb is related to Imax as
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where A and B are both functions of Season, Solar Activity and Local Time.  HmF2 at the limb was seen to relate to Tmax, with the variations with Local Time being smoother, and the fits being more consistent if an offset of 0.0 was used.  Thus,
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where B is a function of Season, Solar Activity and Local Time.

Each of these relationships is indicated schematically in the SSUSI Nighttime Algorithm Overview chart (see Figure 1 in the Appendix).

1.2  Goals of the Language-Independent Descriptiontc "1.2  Goals of the Language-Independent Description" \l 2
The driving force behind a Language-Independent Description ("LID") is the desire to preserve the intellectual knowledge which lies at the foundation of most scientific software.  A LID attempts to form an agreement (or "contract" if you will) between the theorist and the implementor.  The role of the theorist in creating the LID is to specify the algorithm completely, leaving no room for interpretation on the part of the implementor.  The role of the implementor is to take the LID and develop it into an operational system, meeting the requirements of the particular system with respect to design methodology, maintainability, speed, and so on.

Modern programming languages do not serve as an optimal medium for LID expression.  Programming languages often impose a syntax which constrains the expressive ability of the LID author.  In addition, programming languages can be complex and can possess hidden subtleties.  The syntax alone can place a double-requirement upon the author, because the author is forced to become both a theorist and a programmer.  In the modern world, where computer programming languages and computer architectures are in a state of constant evolution, tying the expression of knowledge to a programming language can be a costly and error-prone mistake.

To summarize then, the SSUSI Nighttime Non-Auroral F-Region Algorithm Language-Independent Description attempts to:

•
Clearly, and without interpretation, express the derivations of the Nighttime Non-Auroral F-Region data products.

•
Provide an easily understood sequence of calculations which are broken down into "atomic" steps.

•
Immortalize the algorithm by transcending any particular programming language or computer architecture, thereby preserving the knowledge and portability.  

•
Provide a basis for testing, in that test cases can be based upon the LID, and expected results can be computed by an external method (verification from an external source).

•
Enhance requirements traceability.  Since each step in the LID is "atomic" and is labeled, the implementor can easily document where and how each step is accomplished.  This forms a cross-reference between the code and the LID.

•
Enhance maintainability.  Due to the labeling of the steps in the LID, a maintainer of the code should be able to easily identify where changes should be made, and where they should not!

•
Leave sufficient room for "creativity" on the part of the Implementor, so that coding the algorithm in a programming language does not become a robotic process.

1.3  Creditstc "1.3  Credits" \l 2
This document is based upon the FORTRAN implementation of the SSUSI Nighttime Non-Auroral F-Region Algorithm.  The FORTRAN implementation was designed, developed, and implemented by:

Matthew W. Fox

of

Center for Space Physics

Boston University

725 Commonwealth Ave.

Boston, MA  02215

All appropriate credit should go to the aforementioned individual, including, but not limited to, all works that his FORTRAN implementation referenced.

2.  Derivations of the Nighttime Non-Auroral F-Region Data Productstc "2.  Derivations of the Nighttime Non-Auroral F-Region Data Products" \l 1
This section contains the derivations of all SSUSI Nighttime Non-Auroral F-Region data products.  The first subsection, "General Algorithm Expectations", exposes the linkage and preprocessing expectations common to all of the derivations.  Implied subtleties are also included there.

Following the "General Algorithm Expectations" subsection are the individual data-product derivations.  Each derivation begins with a listing of the input parameters required, a formal "Begin" indicator, the steps in the derivation, and a concluding "End" indicator.

2.1  General Algorithm Expectations (Required Preprocessing)tc "2.1  General Algorithm Expectations (Required Preprocessing)" \l 2
This section contains the derivations of data items that are required as input to the derivations of  NmF2, HmF2, and indirectly, FoF2.  In a sense, the items calculated herein are globally used data items, and therefore their derivations were optimized out of each data product derivation and into this section.

2.1.1  The Season (SEASON)tc "2.1.1  The Season (SEASON)" \l 3
2.1.1.1  Required Input to the Derivationtc "2.1.1.1  Required Input to the Derivation" \l 4
The following data-item is required, as input, by the SEASON derivation:

DAY
The day of the year, in units of [Days].

2.1.1.2  The Derivationtc "2.1.1.2  The Derivation" \l 4
2.1.1.2.1  Begintc "2.1.1.2.1  Begin" \l 5
2.1.1.2.2  Calculate the Season (SEASON).tc "2.1.1.2.2  Calculate the Season (SEASON)." \l 5
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where:

EQUINOX =
A descriptive name for the specified days of the year.  For the purposes of the Nighttime Non-Auroral Algorithm, no distinction is necessary between the March or September Equinox.

SOLSTICEjun =
A descriptive name for the specified days of the year referred to as the June Solstice.

SOLSTICEdec =
A descriptive name for the specified days of the year referred to as the December Solstice.

2.1.1.2.3  Endtc "2.1.1.2.3  End" \l 5
2.1.2  The Solar Activity Level (SAL)tc "2.1.2  The Solar Activity Level (SAL)" \l 3
2.1.2.1  Required Input to the Derivationtc "2.1.2.1  Required Input to the Derivation" \l 4
The following data-item is required, as input, by the SAL derivation:

F10P7
The Solar Activity Index, in units of [Solar Flux].

2.1.2.2  The Derivationtc "2.1.2.2  The Derivation" \l 4
2.1.2.2.1  Begintc "2.1.2.2.1  Begin" \l 5
2.1.2.2.2  Calculate the Solar Activity Level (SAL).tc "2.1.2.2.2  Calculate the Solar Activity Level (SAL)." \l 5
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where:

MINIMUM, MODERATE, and MAXIMUM = Descriptive names for the specified levels of solar activity.

2.1.2.2.3  Endtc "2.1.2.2.3  End" \l 5
2.2  The Height of the Peak Density at Nadir (NadirHmF2)tc "2.2  The Height of the Peak Density at Nadir (NadirHmF2)" \l 2
2.2.1  Required Input to the Derivationtc "2.2.1  Required Input to the Derivation" \l 3
The following data-items are required, as input, by the Nadir HmF2 derivation:

I1356
The measured 1356A intensity, in units of [Rayleighs].

VI1356
The Variance associated with the measured 1356A intensity, in units of [Rayleighs]2.

I6300
The measured 6300A intensity, in units of [Rayleighs].

VI6300
The Variance associated with the measured 6300A intensity, in units of [Rayleighs]2.

LT
The Local Time at which the intensities were measured, in units of [Hours].  Expected range is 0.0 to 24.0.

SAL
The Solar Activity Level during which the intensities were measured, in units of [unitless].  The SAL is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

SEASON
The Season of the year in which the intensities were measured, in units of [unitless].  The SEASON is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

2.2.2  The Derivationtc "2.2.2  The Derivation" \l 3
2.2.2.1  Begintc "2.2.2.1  Begin" \l 4
2.2.2.2  Calculate the Measured Intensity Ratio (MIR).tc "2.2.2.2  Calculate the Measured Intensity Ratio (MIR)." \l 4
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where:

I1356 =
The measured Intensity at 1356 Angstroms.

I6300 =
The measured Intensity at 6300 Angstroms.

Calculate the Variance in the Measured Intensity Ratio (VMIR).
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where:

I1356 =
The measured Intensity at 1356 Angstroms.

VI1356 =
The Variance associated with I1356.

I6300 =
The measured Intensity at 6300 Angstroms.

VI6300 =
The Variance associated with I6300.

2.2.2.3  Calculate the Scaled Local Time (SLT).tc "2.2.2.3  Calculate the Scaled Local Time (SLT)." \l 4
The SLT is continuous throughout the night, without a discontinuity at the 2400LT-0000LT boundary.  This permits the polynomial fits made of A and B parameters with respect to Local Time in one continuous sweep.  SLT is an item that applies to both Nadir and Disk algorithms.
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where:

LT =
The Local Time.

2.2.2.4  Calculate the Estimated Expected Offset (EEO).tc "2.2.2.4  Calculate the Estimated Expected Offset (EEO)." \l 4
The Height of the Peak Density (HmF2), at Nadir, is a linear function of MIR (the Measured Intensity Ratio).  For discussion purposes, let HmF2 = A + B*MIR.  The linear function has offset A, and that is the goal of this step.  The offset itself, as can be noted from the following equation, is a linear function of the Scaled Local Time (SLT).  Figures 2 in the Appendix shows some examples of fits of Nadir HmF2 versus MIR for March conditions at four local times (19-22LT). Figure 3 in the Appendix  shows how the coefficients AandB of the linear fit vary with Local Time for several seasons and solar activity levels (SolarMin, Moderate,Solar Max) .
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where:

CNadirHmF2EEOoffset = The Predetermined Offset of the Offset-of-the-linear-function-of-HmF2.

CNadirHmF2EEOslope = The Predetermined Slope of the Offset-of-the-linear-function-of-HmF2.

Calculate the Variance in the Estimated Expected Offset (VEEO).
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where:

VNadirHmF2EEOoffset = The Predetermined Variance associated with the Offset of the Offset-of-the-linear-function-of-HmF2.

VNadirHmF2EEOslope = The Predetermined Variance associated with the Slope of the Offset-of-the-linear-function-of-HmF2.

2.2.2.5  Calculate the Estimated Expected Slope (EES).tc "2.2.2.5  Calculate the Estimated Expected Slope (EES)." \l 4
The Height of the Peak Density (HmF2), at Nadir, is a linear function of MIR (the Measured Intensity Ratio).  For discussion purposes, let HmF2 = A + B*MIR.  The linear function has slope B, and that is the goal of this step.  The slope itself, as can be noted from the following equation, is a linear function of the Scaled Local Time (SLT).
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where:

CNadirHmF2EESoffset = The Predetermined Offset of the Slope-of-the-linear-function-of-HmF2.

CNadirHmF2EESslope = The Predetermined Slope of the Slope-of-the-linear-function-of-HmF2.

Calculate the Variance in the Estimated Expected Slope (VEES).
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where:

VNadirHmF2EESoffset = The Predetermined Variance associated with the Offset of the Slope-of-the-linear-function-of-HmF2.

VNadirHmF2EESslope = The Predetermined Variance associated with the Slope of the Slope-of-the-linear-function-of-HmF2.

2.2.2.6  Adjust the Estimated Expected Offset (AEO).tc "2.2.2.6  Adjust the Estimated Expected Offset (AEO)." \l 4
This step accounts for variations in the Estimated Expected Offset (EEO) due to Season (SEASON) and Solar Activity Level (SAL).
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where:

CNadirHmF2AEO = The Predetermined Adjustment to the Offset-of-the-linear-function-of-HmF2.

2.2.2.7  Adjust the Estimated Expected Slope (AES).tc "2.2.2.7  Adjust the Estimated Expected Slope (AES)." \l 4
This step accounts for variations in the Estimated Expected Slope (EES) due to Season (SEASON) and Solar Activity Level (SAL).
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where:

CNadirHmF2AES = The Predetermined Adjustment to the Slope-of-the-linear-function-of-HmF2.

2.2.2.8  Calculate the Height of the Peak Density at Nadir  (NadirHmF2).tc "2.2.2.8  Calculate the Height of the Peak Density at Nadir  (NadirHmF2)." \l 4
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Calculate the Variance in the Height of the Peak Density at Nadir (VNadirHmF2).
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where:

VRatesNadirHmF2 = The Predetermined Variance associated with the Reaction Rates relevant to Nadir HmF2.  Please refer to the Appendix (Section 3.1.2.1.3) for information about this value.

2.2.2.9  Endtc "2.2.2.9  End" \l 4
2.3  The Peak Density at Nadir (NadirNmF2)tc "2.3  The Peak Density at Nadir (NadirNmF2)" \l 2
2.3.1  Required Input to the Derivationtc "2.3.1  Required Input to the Derivation" \l 3
The following data-items are required, as input, by the Nadir NmF2 derivation:

I1356
The measured 1356A intensity, in units of [Rayleighs].

VI1356
The Variance associated with the measured 1356A intensity, in units of [Rayleighs]2.

LT
The Local Time at which the intensities were measured, in units of [Hours].  Expected range is 0.0 to 24.0.

LATpix
The Latitude of the Nighttime Non-Auroral Pixel currently being analyzed, in units of [Degrees].  Expected range is -90.0 to +90.0.

LATnac
The Latitude of the Northern Anomaly Crest, in units of [Degrees].  Expected range is 0.0 to +90.0.

LATsac
The Latitude of the Southern Anomaly Crest, in units of [Degrees].  Expected range is -90.0 to 0.0.

SAL
The Solar Activity Level during which the intensities were measured, in units of [unitless].  The SAL is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

SEASON
The Season of the year in which the intensities were measured, in units of [unitless].  The SEASON is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

2.3.2  The Derivationtc "2.3.2  The Derivation" \l 3
2.3.2.1  Begintc "2.3.2.1  Begin" \l 4
2.3.2.2  Calculate the Measured Intensity (MI).tc "2.3.2.2  Calculate the Measured Intensity (MI)." \l 4

[image: image20.wmf]MI
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where:

I1356 =
The measured Intensity at 1356 Angstroms.

Calculate the Variance in the Measured Intensity (VMI).
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where:

I1356 =
The measured Intensity at 1356 Angstroms.

VI1356 =
The Variance associated with I1356.

2.3.2.3  Calculate the Scaled Local Time (SLT).tc "2.3.2.3  Calculate the Scaled Local Time (SLT)." \l 4
The SLT is continuous throughout the night, without a discontinuity at the 2400LT-0000LT boundary.  This permits the polynomial fits made of A and B parameters with respect to Local Time in one continuous sweep.  SLT is an item that applies to both Nadir and Disk algorithms.
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where:

LT =
The Local Time.

2.3.2.4  Calculate the Region (REGION).tc "2.3.2.4  Calculate the Region (REGION)." \l 4
When radiative recombination dominates 1356A emission,
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Physically, in the presence of upward vertical drifts in the hours following sunset, electron density profiles can become very broad.  If one thinks in terms of a "fountain" effect, forming crests in ionization, then the region between these crests can be considered as equatorial (for the purpose of the NadirNmF2 derivation).  So, the presence of upward vertical drifts is determined if there are equatorial anomaly crests, and in particular, whether there are peaks in the nadir 1356A intensity in both hemispheres.  If there are TWO peaks, then the inter-crest region is defined to be equatorial.  Otherwise, if there is only 1 peak (or none), the region is considered to be non-equatorial (i.e. midlatitude).
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where:

EQUATORIAL =
Predetermined region representing latitudes that are between the Northern and Southern Anomaly Crests.

MIDLATITUDE = Predetermined region representing latitudes that are outside of the Northern and Southern Anomaly Crests.

2.3.2.5  Calculate the Estimated Expected Offset (EEO).tc "2.3.2.5  Calculate the Estimated Expected Offset (EEO)." \l 4
The Peak Density (NmF2), at Nadir, is a linear function of MI (the Measured Intensity).  For discussion purposes, let NmF2 = A + B*MI.  The linear function has offset A, and that is the goal of this step.
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where:

CNadirNmF2EEO = The Predetermined Average Offset of the linear function of NmF2.

Calculate the Variance in the Estimated Expected Offset (VEEO).

Like all other variances, VEEO has two terms:


1.  From the parameter-fitting domain ([image: image26.wmf]NmF
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2.  From the LT-fitting domain (A as a function of LT).

The first term, as seen in Figure 4 in the Appendix, has an exponential-decay character after sunset, relating to the lesser degree of variability in profile shapes as time increases past sunset.

The second term is the Single-Value-Decomposition result from fitting polynomials in LT to the derived variations of the best-fit A (offset) parameters. This is clearly the larger term, but didn't vary with SEASON or SAL, so an average value of [image: image27.wmf]5
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where:

SLT =
The Scaled Local Time.
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2.3.2.6  Calculate the Estimated Expected Slope (EES).tc "2.3.2.6  Calculate the Estimated Expected Slope (EES)." \l 4
The Peak Density (NmF2), at Nadir, is a linear function of MI (the Measured Intensity).  For discussion purposes, let NmF2 = A + B*MI.  The linear function has slope B, and that is the goal of this step.
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where:

CNadirNmF2EES = The Predetermined Average Slope of the linear function of NmF2.

Calculate the Variance in the Estimated Expected Slope (VEES).
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where:

VNadirNmF2EES = The Predetermined Variance associated with the Estimated Expected Slope.

2.3.2.7  Adjust the Estimated Expected Offset (AEO).tc "2.3.2.7  Adjust the Estimated Expected Offset (AEO)." \l 4
The best relationship between Nadir NmF2 and [image: image32.wmf]I
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 was a straight line, with a slope that was constant under ALL situations (around [image: image33.wmf]2
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).  However, there is a dependence in this close relationship on the shape of the electron density profiles.  This comes into play by adjusting the best-fit offset value according to different situations.  There are two types of corrections to this offset value, beyond the one that is dependent on the "region" of the observation.

The first correction is for the pre-midnight sector.  This is due to variations in layer shapes related to the strong-upward-drift post-sunset conditions.  Here, the variations in LT of the best fit A values are summarized by a polynomial fit in SLT (=LT here), in the same fashion as polynomial LT fits to coefficients are used elsewhere.

The second set of corrections are for the post-midnight sector.  While there were no significant LT-based variations in profile shape, a study of the lowest NmF2/[image: image34.wmf]I
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 values showed that the widths of the narrowest profiles were functions of the Solar Activity Level (SAL).  The corrections to the offset here are increasing as the SAL decreases (and the profile narrows).
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where:

CNadirNmF2AEO = The Predetermined Coefficients which compensate for Season, Solar Activity Level, and Region.
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2.3.2.8  Calculate the Peak Density at Nadir (NadirNmF2).tc "2.3.2.8  Calculate the Peak Density at Nadir (NadirNmF2)." \l 4
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Calculate the Variance in the Peak Density at Nadir (VNadirNmF2).
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where:

VRatesNadirNmF2 = The Predetermined Variance associated with the Reaction Rates relevant to Nadir NmF2.  Please refer to the Appendix (Section 3.1.2.1.3) for information about this value.

2.3.2.9  Endtc "2.3.2.9  End" \l 4
2.4  The Plasma Frequency at Nadir(NadirFoF2), Disk(DiskFoF2) and Limb(FoF2)tc "2.4  The Plasma Frequency at Nadir (NadirFoF2) ), Disk(DiskFoF2) and Limb(FoF2)" \l 2
2.4.1  Required Input to the Derivationtc "2.4.1  Required Input to the Derivation" \l 3
The  plasma frequency on the Disk (DiskFoF2) and the plasma frequency on the Limb (LimbFoF2) are calculated the same way as the plasma frequency at Nadir.

The following data-items are required, as input, by the Nadir FoF2 derivation:

NadirNmF2
The Peak Density at Nadir, in units of [centimeters-3].  NadirNmF2 is a product of the Nighttime Peak Density at Nadir (NadirNmF2) derivation.

VNadirNmF2
The Variance associated with the Peak Density at Nadir, in units of [centimeters-3]2.  VNadirNmF2 is a product of the Nighttime Peak Density at Nadir (NadirNmF2) derivation.

2.4.2  The Derivationtc "2.4.2  The Derivation" \l 3
2.4.2.1  Begintc "2.4.2.1  Begin" \l 4
2.4.2.2  Calculate the Plasma Frequency at Nadir (NadirFoF2).tc "2.4.2.2  Calculate the Plasma Frequency at Nadir (NadirFoF2)." \l 4
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Calculate the Variance in the Plasma Frequency at Nadir (VNadirFoF2).
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2.4.2.3  Endtc "2.4.2.3  End" \l 4
2.5  The Peak Density on the Disk (DiskNmF2)tc "2.5  The Peak Density on the Disk (DiskNmF2)" \l 2
The algorithms that best related slant 1356A intensities in the model with NmF2 on the Disk (at the location of the ground-intersection point of the raypath) were based on the following:

•
A reliable relationship observed between NmF2 and [image: image41.wmf]I

1356
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 under all conditions (Nadir Angles, LTs, Seasons, and SALs).

•
A smooth variation in Nadir Angle of the best-fit A and B parameters that related NmF2 and [image: image42.wmf]I
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 under all conditions (LTs, Seasons, and SALs).  The quadratic fits in Nadir Angle provided a good description, with the additional requirement that the offset value of this relation is zero to ensure continuity of the disk algorithms (at Theta = 0.0) with the Nadir algorithms.  To apply this explicitly, the values of A and B that have been provided in coefficient form as part of the algorithms, are made with respect to the values derived at Nadir. Thus, when A and B are being reconstructed at the disk, the nadir values as well as their accompanying variances are also passed to the disk subroutine.

•
A smooth variation in the Nadir Angle coefficient with respect to Local Time. A polynomial representation in LT was used.

•
A tabulation of the coefficients on the Season-SAL grid.

2.5.1  Required Input to the Derivationtc "2.5.1  Required Input to the Derivation" \l 3
The following data-items are required, as input, by the Disk NmF2 derivation:

AEONadirNmF2
The Adjusted Expected Offset of the linear function of NmF2 at Nadir.  The AEO is an intermediate product of the Nighttime Nadir NmF2 derivation.

VEEONadirNmF2
The Variance associated with the Estimated Expected Offset of the linear function of NmF2 at Nadir.  The EEO is an intermediate product of the Nighttime Nadir NmF2 derivation.

EESNadirNmF2
The Estimated Expected Slope of the linear function of NmF2 at Nadir.  The EES is an intermediate product of the Nighttime Nadir NmF2 derivation.

VEESNadirNmF2
The Variance associated with the Estimated Expected Slope of the linear function of NmF2 at Nadir.  The EES is an intermediate product of the Nighttime Nadir NmF2 derivation.

I1356
The measured 1356A intensity, in units of [Rayleighs].

VI1356
The Variance associated with the measured 1356A intensity, in units of [Rayleighs]2.

LT
The Local Time at which the intensities were measured, in units of [Hours].  Expected range is 0.0 to 24.0.

NadirAngle
The Nadir Angle at which the measured intensity (I1356) was observed, in units of [Degrees].  The NadirAngle is expected to be positive to the East, and negative to the West.

SAL
The Solar Activity Level during which the intensities were measured, in units of [unitless].  The SAL is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

SEASON
The Season of the year in which the intensities were measured, in units of [unitless].  The SEASON is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

2.5.2  The Derivationtc "2.5.2  The Derivation" \l 3
2.5.2.1  Begintc "2.5.2.1  Begin" \l 4
2.5.2.2  Calculate the Measured Intensity (MI).tc "2.5.2.2  Calculate the Measured Intensity (MI)." \l 4
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where:

I1356 =
The measured Intensity at 1356 Angstroms.  Note that this is a "Slant" intensity, not a "Rectified" intensity.

Calculate the Variance in the Measured Intensity (VMI).
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where:

I1356 =
The measured Intensity at 1356 Angstroms.

VI1356 =
The Variance associated with I1356.

2.5.2.3  Calculate the Scaled Local Time (SLT).tc "2.5.2.3  Calculate the Scaled Local Time (SLT)." \l 4
The SLT is continuous throughout the night, without a discontinuity at the 2400LT-0000LT boundary.  This permits the polynomial fits made of A and B parameters with respect to Local Time in one continuous sweep.  SLT is an item that applies to both Nadir and Disk algorithms.
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where:

LT =
The Local Time.

2.5.2.4  Calculate the Estimated Expected Offset (EEO).tc "2.5.2.4  Calculate the Estimated Expected Offset (EEO)." \l 4
The Peak Density (NmF2), on Disk, is a linear function of MI (the Measured Intensity).  For discussion purposes, let NmF2 = A + B*MI.  The linear function has offset A, and that is the goal of this step.
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where:

AEONadirNmF2 = The Adjusted Expected Offset of the linear function of NmF2 at Nadir (see the Nadir NmF2 derivation).

2.5.2.5  Calculate the Estimated Expected Slope (EES).tc "2.5.2.5  Calculate the Estimated Expected Slope (EES)." \l 4
The Peak Density (NmF2), on Disk, is a linear function of MI (the Measured Intensity).  For discussion purposes, let NmF2 = A + B*MI.  The linear function has slope B, and that is the goal of this step.
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where:

EESNadirNmF2 = The Estimated Expected Slope of the linear function of NmF2 at Nadir (see the Nadir NmF2 derivation).

2.5.2.6  Adjust the Estimated Expected Offset (AEO).tc "2.5.2.6  Adjust the Estimated Expected Offset (AEO)." \l 4
As was detailed at the beginning of this, the DiskNmF2 derivation, the parameterization for the offset took the following forms:

•
A reliable relationship observed between NmF2 and [image: image48.wmf]I
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 under all conditions (Nadir Angles, LTs, Seasons, SALs).

•
A quadratic variation in Nadir Angle of the best-fit A and B parameters that related NmF2 and [image: image49.wmf]I
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Slant

 under all conditions, and was made relative to the Nadir terms.

•
A smooth variation in the Nadir Angle coefficient with respect to Local Time. A polynomial representation in LT was used.

•
A tabulation of the coefficients on the Season-SAL grid.
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where:

NadirAngle =
The Nadir Angle at which the Measured Intensity (MI) was observed.
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where:

CDiskNmF2AEO = The Predetermined Coefficients which compensate for Season and Solar Activity Level.
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Calculate the Variance in the Adjusted Expected Offset (VAEO).

Due to the parameterization forms described above (in this step), the variance in the Adjusted Expected Offset, VAEO, has contributions from each of:

•
The Single-Value-Decomposition scatter about the fits of NmF2 and slant I1356 (as a function of Season; accounted-for below).

•
The Single-Value-Decomposition scatter about A and B vs Nadir Angle.  In principle, the derived quadratic fit coefficients will each have variances, but these have been summed over Nadir Angles to obtain single variances due to the Nadir Angle fits (as a function of Season; accounted-for below).

•
The Single-Value-Decomposition scatter about the above coefficients vs LT.  In principle, these coefficients will also each have variances, but these have been summed over LTs to obtain single variances due to the LT fits (as a function of Season; accounted-for below).

•
The variance in the Nadir value (accounted-for in the final variance calculation of this derivation, VDiskNmF2).

The following expression for VAEO arbitrarily includes only the first three terms listed above, which relate to the Disk. The fourth term in the list arises because  nadir values are used in the derivation of AEO. The corresponding variance contribution is added at the final stage of calculating VDiskNmF2 in Section 2.5.2.8. 
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where:

VDiskNmF2EEO = The Predetermined Variance associated with the Disk NmF2 linear offset (EEO), as a function of Season.

VDiskNmF2AEOSLT = The Predetermined Variance in the Disk NmF2 adjusted linear offset (AEO) due to the Scaled Local Time (SLT), as a function of Season.

VDiskNmF2AEONadirAngle = The Predetermined Variance in the Disk NmF2 adjusted linear offset (AEO) due to the Nadir Angle, as a function of Season.

2.5.2.7  Adjust the Estimated Expected Slope (AES).tc "2.5.2.7  Adjust the Estimated Expected Slope (AES)." \l 4
As was detailed at the beginning of this, the DiskNmF2 derivation, the parameterization for the slope took the following forms:

•
A reliable relationship observed between NmF2 and [image: image54.wmf]I
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 under all conditions (Nadir Angles, LTs, Seasons, SALs).

•
A quadratic variation in Nadir Angle of the best-fit A and B parameters that related NmF2 and [image: image55.wmf]I
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 under all conditions, and was made relative to the Nadir terms.

•
A smooth variation in the Nadir Angle coefficient with respect to Local Time. A polynomial representation in LT was used.

•
A tabulation of the coefficients on the Season-SAL grid.
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where:

NadirAngle =
The Nadir Angle at which the Measured Intensity (MI) was observed.
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where:

CDiskNmF2AES = The Predetermined Coefficients which compensate for Season and Solar Activity Level.
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Calculate the Variance in the Adjusted Expected Slope (VAES).

Due to the parameterization forms described above (in this step), the variance in the Adjusted Expected Slope, VAES, has contributions from each of:

•
The Single-Value-Decomposition scatter about the fits of NmF2 and slant I1356 (as a function of Season; accounted-for below).

•
The Single-Value-Decomposition scatter about A and B vs Nadir Angle.  In principle, the derived quadratic fit coefficients will each have variances, but these have been summed over Nadir Angles to obtain single variances due to the Nadir Angle fits (as a function of Season; accounted-for below).

•
The Single-Value-Decomposition scatter about the above coefficients vs LT.  In principle, these coefficients will also each have variances, but these have been summed over LTs to obtain single variances due to the LT fits (as a function of Season; accounted-for below).

•
The variance in the Nadir value (accounted-for in the final variance calculation of this derivation, VDiskNmF2). As for the case of VAEO discussed above (page 22), the nadir term is omitted in VAES, but will be included in the final calculation of VdiskNmF2 in section 2.5.2.8.
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where:

VDiskNmF2EES = The Predetermined Variance associated with the Disk NmF2 linear slope (EES), as a function of Season.

VDiskNmF2AESSLT = The Predetermined Variance in the Disk NmF2 adjusted linear slope (AES) due to the Scaled Local Time (SLT), as a function of Season.

VDiskNmF2AESNadirAngle = The Predetermined Variance in the Disk NmF2 adjusted linear slope (AES) due to the Nadir Angle, as a function of Season.

2.5.2.8  Calculate the Peak Density on the Disk (DiskNmF2).tc "2.5.2.8  Calculate the Peak Density on the Disk (DiskNmF2)." \l 4
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Calculate the Variance in the Peak Density on the Disk (VDiskNmF2).

VDiskNmF2  = (VAEODiskNmF2    + VEEONadirNmF2 ) + (AES DiskNmF2 )2  VMIDiskNmF2   + 
(VAESDiskNmF2    + VEESNadirNmF2 )  (MIDiskNmF2 )2   +VRatesDiskNmF2    +VRatesNadirNmF2
where:

VRatesDiskNmF2 = The Predetermined Variance associated with the Reaction Rates relevant to Disk NmF2.  Please refer to the Appendix (Section 3.1.2.1.3) for information about this value.

VRatesNadirNmF2 = The Predetermined Variance associated with the Reaction Rates relevant to nadir NmF2 (see section 2.3.2.8).  Please refer to the Appendix (Section 3.1.2.1.3) for information about this value.

Note: At first sight it may not be obvious where the terms VEEONadirNmF2 and VEESNadirNmF2 came from.  See discussion on pages 22 and 23.

2.5.2.9  Endtc "2.5.2.9  End" \l 4
2.6  The Height of the Peak Density on the Limb (LimbHmF2)tc "2.6  The Height of the Peak Density on the Limb (LimbHmF2)" \l 2
2.6.1  Required Input to the Derivationtc "2.6.1  Required Input to the Derivation" \l 3
The following data-items are required, as input, by the Limb HmF2 derivation:

LT
The Local Time at which the intensities were measured, in units of [Hours].  Expected range is 0.0 to 24.0.

SAL
The Solar Activity Level during which the intensities were measured, in units of [unitless].  The SAL is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

SEASON
The Season of the year in which the intensities were measured, in units of [unitless].  The SEASON is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

THM
The Tangent Height at the point on the Limb where the Maximum 1356-Angstrom Intensity was measured, in units of [Kilometers].

VTHM
The Variance associated with the Tangent Height at the point on the Limb where the Maximum 1356-Angstrom Intensity was measured, in units of [Kilometers]2.

2.6.2  The Derivationtc "2.6.2  The Derivation" \l 3
2.6.2.1  Begintc "2.6.2.1  Begin" \l 4
2.6.2.2  Calculate the Nighttime Sector (SECTOR).tc "2.6.2.2  Calculate the Nighttime Sector (SECTOR)." \l 4
The Limb algorithms use the Local Time directly, without the scaling as performed in the Nadir and Disk derivations (SLT).  This difference relates to the geometry of the observations.  SSUSI will be providing the limb profile in 1356A only at the anti-sunward limb.  Thus, in the evening sector, the satellite scans the eastern limb, while in the morning sector, it scans the western limb.  It follows that the ionosphere scanned from one side of midnight is substantially different to that scanned when the satellite is on the other side of midnight.  Therefore, A and B parameters do NOT vary smoothly over the midnight boundary.  Two separate sets of polynomial fits are performed, relating to the look direction of the scan.  The coefficient sets reflect the additional gridding by SECTOR.
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2.6.2.3  Calculate the Estimated Expected Offset (EEO).tc "2.6.2.3  Calculate the Estimated Expected Offset (EEO)." \l 4
The Height of the Peak Density (HmF2), on the Limb, is a linear function of THM (the Tangent Height of the Maximum 1356-Angstrom Intensity).  For discussion purposes, and consistency with the other derivations, let HmF2 = A + B*THM.  However, HmF2 on the Limb was best-behaved when the offset A was zero.  Thus, for purposes of this derivation, and to emphasize that the value of A is zero, explicitly set the offset value and variance to zero.
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Calculate the Variance in the Estimated Expected Offset (VEEO).
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2.6.2.4  Calculate the Estimated Expected Slope (EES).tc "2.6.2.4  Calculate the Estimated Expected Slope (EES)." \l 4
The Height of the Peak Density (HmF2), on the Limb, is a linear function of THM (the Tangent Height of the Maximum 1356-Angstrom Intensity).  For discussion purposes, let HmF2 = A + B*THM.  The linear function has slope B, and that is the goal of this step.  The slope itself, as can be noted from the following equation, is a linear function of the Local Time (LT).
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where:

CLimbHmF2EESoffset = The Predetermined Offset of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of Sector, Season, and SAL.

CLimbHmF2EESslope = The Predetermined Slope of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of Sector, Season, and SAL.

Calculate the Variance in the Estimated Expected Slope (VEES).
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where:

VLimbHmF2EESslope = The Predetermined Variance associated with the Slope of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of Season.

VLimbHmF2EESLT = The Predetermined Variance associated with the Slope of the Slope-of-the-linear-function-of-Limb-HmF2 versus Local Time, as a function of Season.

2.6.2.5  Calculate the Height of the Peak Density on the Limb  (LimbHmF2).tc "2.6.2.5  Calculate the Height of the Peak Density on the Limb  (LimbHmF2)." \l 4
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Calculate the Variance in the Height of the Peak Density on the Limb (VLimbHmF2).
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where:

VRatesLimbHmF2 = The Predetermined Variance associated with the Reaction Rates relevant to Limb HmF2.  Please refer to the Appendix (Section 3.1.2.1.3) for information about this value.

2.6.2.6  Endtc "2.6.2.6  End" \l 4
2.7  The Peak Density on the Limb (LimbNmF2)tc "2.7  The Peak Density on the Limb (LimbNmF2)" \l 2
2.7.1  Required Input to the Derivationtc "2.7.1  Required Input to the Derivation" \l 3
The following data-items are required, as input, by the Limb NmF2 derivation:

LT
The Local Time at which the Maximum Measured Intensity (MMI) was measured, in units of [Hours].  Expected range is 0.0 to 24.0.

I1356max
The maximum Measured 1356-Angstrom Intensity on the Limb at a specific latitude, in units of [Rayleighs].

VI1356max
The Variance associated with the maximum Measured 1356-Angstrom Intensity on the Limb at a specific latitude, in units of [Rayleighs]2.

SAL
The Solar Activity Level during which the intensities were measured, in units of [unitless].  The SAL is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

SEASON
The Season of the year in which the intensities were measured, in units of [unitless].  The SEASON is one of the data products of the "General Algorithm Expectations (Required Preprocessing)" section of this LID.

2.7.2  The Derivationtc "2.7.2  The Derivation" \l 3
2.7.2.1  Begintc "2.7.2.1  Begin" \l 4
2.7.2.2  Calculate the Maximum Measured Intensity (MMI).tc "2.7.2.2  Calculate the Maximum Measured Intensity (MMI)." \l 4
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where:

I1356max =
The maximum measured Intensity at 1356 Angstroms.  Note that this is a "Slant" intensity, not a "Rectified" intensity.

Calculate the Variance in the Maximum Measured Intensity (VMMI).
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where:

I1356max =
The maximum measured Intensity at 1356 Angstroms.

VI1356max =
The Variance associated with I1356max.

2.7.2.3  Calculate the Nighttime Sector (SECTOR).tc "2.7.2.3  Calculate the Nighttime Sector (SECTOR)." \l 4
The Limb algorithms use the Local Time directly, without the scaling as performed in the Nadir and Disk derivations (SLT).  This difference relates to the geometry of the observations.  SSUSI will be providing the limb profile in 1356A only at the anti-sunward limb.  Thus, in the evening sector, the satellite scans the eastern limb, while in the morning sector, it scans the western limb.  It follows that the ionosphere scanned from one side of midnight is substantially different to that scanned when the satellite is on the other side of midnight.  Therefore, A and B parameters do NOT vary smoothly over the midnight boundary.  Two separate sets of polynomial fits are performed, relating to the look direction of the scan.  The coefficient sets reflect the additional gridding by SECTOR.
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2.7.2.4  Calculate the Estimated Expected Offset (EEO).tc "2.7.2.4  Calculate the Estimated Expected Offset (EEO)." \l 4
The Peak Density (NmF2), on the Limb, is a linear function of MMI (the Maximum Measured 1356-Angstrom Intensity).  For discussion purposes, let NmF2 = A + B*MMI.  The linear function has offset A, and that is the goal of this step.
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where:

CLimbNmF2EEO = The Predetermined Coefficients of the Offset of the linear function of NmF2.

Calculate the Variance in the Estimated Expected Offset (VEEO).
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where:

VLimbNmF2EEO = The Predetermined Variance associated with the Offset of the  linear function of NmF2.

VLimbNmF2EEOLT = The Predetermined Variance associated with the Offset of the linear function of NmF2, versus Local Time.

2.7.2.5  Calculate the Estimated Expected Slope (EES).tc "2.7.2.5  Calculate the Estimated Expected Slope (EES)." \l 4
The Peak Density (NmF2), on the Limb, is a linear function of MMI (the Maximum Measured 1356-Angstrom Intensity).  For discussion purposes, let NmF2 = A + B*MMI.  The linear function has slope B, and that is the goal of this step.
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where:

CLimbNmF2EES = The Predetermined Coefficients of the Slope of the linear function of NmF2.

Calculate the Variance in the Estimated Expected Slope (VEES).
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where:

VLimbNmF2EES = The Predetermined Variance associated with the Slope of the linear function of NmF2.

VLimbNmF2EESLT = The Predetermined Variance associated with the Slope of the linear function of NmF2, versus Local Time.

2.7.2.6  Calculate the Peak Density on the Limb (LimbNmF2).tc "2.7.2.6  Calculate the Peak Density on the Limb (LimbNmF2)." \l 4
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Calculate the Variance in the Peak Density on the Limb (VLimbNmF2).
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where:

VRatesLimbNmF2 = The Predetermined Variance associated with the Reaction Rates relevant to Limb NmF2.  Please refer to the Appendix (Section 3.1.2.1.3) for information about this value.

2.7.2.7  Endtc "2.7.2.7  End" \l 4
3.  Appendixtc "3.  Appendix" \l 1
3.1  Predetermined Datatc "3.1  Predetermined Data" \l 2
3.1.1  Constants and Coefficientstc "3.1.1  Constants and Coefficients" \l 3
3.1.1.1  JDO-Specifictc "3.1.1.1  JDO-Specific" \l 4
CDiskNmF2AEO
Predetermined Coefficients which compensate for Season and Solar Activity Level:
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CDiskNmF2AES
Predetermined Coefficients which compensate for Season and Solar Activity Level:
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CLimbHmF2EESoffset
Predetermined Offset of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of SECTOR, SEASON, and SAL:






[image: image83.wmf]CLimbHmF2EESoffset[SECTOR=EVENING, SEASON, SAL]

MINIMUM

MODERATE

MAXIMUM

EQUINOX

1.0059E+00

9.558E-01

1.3186E+00

SOLSTICEjun

1.0866E+00

8.769E-01

7.678E-01

SOLSTICEdec

1.1837E+00

1.5214E+00

2.1307E+00

CLimbHmF2EESoffset[SECTOR=MORNING, SEASON, SAL]

MINIMUM

MODERATE

MAXIMUM

EQUINOX

1.1475E+00

1.1441E+00

1.1262E+00

SOLSTICEjun

1.1515E+00

1.1553E+00

1.1941E+00

SOLSTICEdec

1.1264E+00

1.134E+00

1.356E+00


CLimbHmF2EESslope
Predetermined Slope of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of SECTOR, SEASON, and SAL:
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CLimbNmF2EEO
Predetermined Coefficients which compensate for nighttime Sector, Season, and Solar Activity Level:
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[image: image87.wmf]CLimbNmF2EEO[n=2, SECTOR=EVENING, SEASON, SAL]
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[image: image88.wmf]CLimbNmF2EEO[n=3, SECTOR=EVENING, SEASON, SAL]
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CLimbNmF2EES
Predetermined Coefficients which compensate for nighttime Sector, Season, and Solar Activity Level:




[image: image89.wmf]CLimbNmF2EES[n=0, SECTOR=EVENING, SEASON, SAL]
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[image: image90.wmf]CLimbNmF2EES[n=1, SECTOR=EVENING, SEASON, SAL]
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[image: image91.wmf]CLimbNmF2EES[n=2, SECTOR=EVENING, SEASON, SAL]
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[image: image92.wmf]CLimbNmF2EES[n=3, SECTOR=EVENING, SEASON, SAL]
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CNadirHmF2AEO
Predetermined Adjustment to the Offset-of-the-linear-function-of-HmF2:





[image: image93.wmf]CNadirHmF2AEO[SEASON, SAL]
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CNadirHmF2AES
Predetermined Adjustment to the Slope-of-the-linear-function-of-HmF2:





[image: image94.wmf]CNadirHmF2AES[SEASON, SAL]
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CNadirHmF2EEOoffset
Predetermined Offset of the Offset-of-the-linear-function-of-HmF2:






[image: image95.wmf]CNadirHmF2EEOoffset
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CNadirHmF2EEOslope
Predetermined Slope of the Offset-of-the-linear-function-of-HmF2:






[image: image96.wmf]CNadirHmF2EEOslope
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CNadirHmF2EESoffset
Predetermined Offset of the Slope-of-the-linear-function-of-HmF2:






[image: image97.wmf]CNadirHmF2EESoffset
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CNadirHmF2EESslope
Predetermined Slope of the Slope-of-the-linear-function-of-HmF2:






[image: image98.wmf]CNadirHmF2EESslope
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CNadirNmF2AEO
Predetermined Coefficients which compensate for Season, Solar Activity Level, and Region:



[image: image99.wmf]CNadirNmF2AEO[n=0, REGION=MIDLATITUDE, SEASON, SAL]
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[image: image100.wmf]CNadirNmF2AEO[n=1, REGION=MIDLATITUDE, SEASON, SAL]
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[image: image101.wmf]CNadirNmF2AEO[n=2, REGION=MIDLATITUDE, SEASON, SAL]
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[image: image102.wmf]CNadirNmF2AEO[n=3, REGION=MIDLATITUDE, SEASON, SAL]
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CNadirNmF2EEO
Predetermined Average Offset of the linear function of NmF2:






[image: image103.wmf]CNadirNmF2EEO
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CNadirNmF2EES
Predetermined Average Slope of the linear function of NmF2:
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3.1.1.2  OO-Specifictc "3.1.1.2  OO-Specific" \l 4
CDiskNmF2AEO
Predetermined Coefficients which compensate for Season and Solar Activity Level:



[image: image105.wmf]CDiskNmF2AEO[SEASON=EQUINOX, SAL=MINIMUM, m, n]
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[image: image106.wmf]CDiskNmF2AEO[SEASON=SOLSTICEjun, SAL=MINIMUM, m, n]
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[image: image107.wmf]CDiskNmF2AEO[SEASON=SOLSTICEdec, SAL=MINIMUM, m, n]
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CDiskNmF2AES
Predetermined Coefficients which compensate for Season and Solar Activity Level:



[image: image108.wmf]CDiskNmF2AES[SEASON=EQUINOX, SAL=MINIMUM, m, n]
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[image: image109.wmf]CDiskNmF2AES[SEASON=SOLSTICEjun, SAL=MINIMUM, m, n]

n=0

n=1

n=2

n=3

m=0

0.0E+00

0.0E+00

0.0E+00

0.0E+00

m=1

4.47397E+04

-5.00147E+03

1.77061E+02

-1.96316E+00

m=2

-3.10159E+03

3.91586E+02

-1.61828E+01

2.16258E-01

CDiskNmF2AES[SEASON=SOLSTICEjun, SAL=MODERATE, m, n]

n=0

n=1

n=2

n=3

m=0

0.0E+00

0.0E+00

0.0E+00

0.0E+00

m=1

4.62536E+04

-6.06602E+03

2.66988E+02

-3.95804E+00

m=2

-2.42478E+03

3.35421E+02

-1.54261E+01

2.33077E-01

CDiskNmF2AES[SEASON=SOLSTICEjun, SAL=MAXIMUM, m, n]

n=0

n=1

n=2

n=3

m=0

0.0E+00

0.0E+00

0.0E+00

0.0E+00

m=1

3.16228E+04

-3.72154E+03

1.44155E+02

-1.85747E+00

m=2

-1.07478E+03

1.34396E+02

-5.70266E+00

7.99918E-02




[image: image110.wmf]CDiskNmF2AES[SEASON=SOLSTICEdec, SAL=MINIMUM, m, n]
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CLimbHmF2EESoffset
Predetermined Offset of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of SECTOR, SEASON, and SAL:




[image: image111.wmf]CLimbHmF2EESoffset[SECTOR=EVENING, SEASON, SAL]
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CLimbHmF2EESslope
Predetermined Slope of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of SECTOR, SEASON, and SAL:




[image: image112.wmf]CLimbHmF2EESslope[SECTOR=EVENING, SEASON, SAL]
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CLimbNmF2EEO
Predetermined Coefficients which compensate for nighttime Sector, Season, and Solar Activity Level:




[image: image113.wmf]CLimbNmF2EEO[n=0, SECTOR=EVENING, SEASON, SAL]
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[image: image114.wmf]CLimbNmF2EEO[n=1, SECTOR=EVENING, SEASON, SAL]
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[image: image115.wmf]CLimbNmF2EEO[n=2, SECTOR=EVENING, SEASON, SAL]
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[image: image116.wmf]CLimbNmF2EEO[n=3, SECTOR=EVENING, SEASON, SAL]
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CLimbNmF2EES
Predetermined Coefficients which compensate for nighttime Sector, Season, and Solar Activity Level:



[image: image117.wmf]CLimbNmF2EES[n=0, SECTOR=EVENING, SEASON, SAL]
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[image: image118.wmf]CLimbNmF2EES[n=1, SECTOR=EVENING, SEASON, SAL]
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[image: image119.wmf]CLimbNmF2EES[n=2, SECTOR=EVENING, SEASON, SAL]
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[image: image120.wmf]CLimbNmF2EES[n=3, SECTOR=EVENING, SEASON, SAL]
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CNadirHmF2AEO
Predetermined Adjustment to the Offset-of-the-linear-function-of-HmF2:




[image: image121.wmf]CNadirHmF2AEO[SEASON, SAL]
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CNadirHmF2AES
Predetermined Adjustment to the Slope-of-the-linear-function-of-HmF2:




[image: image122.wmf]CNadirHmF2AES[SEASON, SAL]
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CNadirHmF2EEOoffset
Predetermined Offset of the Offset-of-the-linear-function-of-HmF2:






[image: image123.wmf]CNadirHmF2EEOoffset
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CNadirHmF2EEOslope
Predetermined Slope of the Offset-of-the-linear-function-of-HmF2:






[image: image124.wmf]CNadirHmF2EEOslope
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CNadirHmF2EESoffset
Predetermined Offset of the Slope-of-the-linear-function-of-HmF2:






[image: image125.wmf]CNadirHmF2EESoffset
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CNadirHmF2EESslope
Predetermined Slope of the Slope-of-the-linear-function-of-HmF2:






[image: image126.wmf]CNadirHmF2EESslope
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CNadirNmF2AEO
Predetermined Coefficients which compensate for Season, Solar Activity Level, and Region:



[image: image127.wmf]CNadirNmF2AEO[n=0, REGION=MIDLATITUDE, SEASON, SAL]
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[image: image128.wmf]CNadirNmF2AEO[n=1, REGION=MIDLATITUDE, SEASON, SAL]
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[image: image129.wmf]CNadirNmF2AEO[n=2, REGION=MIDLATITUDE, SEASON, SAL]
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[image: image130.wmf]CNadirNmF2AEO[n=3, REGION=MIDLATITUDE, SEASON, SAL]
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CNadirNmF2EEO
Predetermined Average Offset of the linear function of NmF2:






[image: image131.wmf]CNadirNmF2EEO
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CNadirNmF2EES
Predetermined Average Slope of the linear function of NmF2:
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3.1.2  Variancestc "3.1.2  Variances" \l 3
VDiskNmF2AEONadirAngle
Predetermined Variance in the Disk NmF2 adjusted linear offset (AEO) due to the Nadir Angle, as a function of SEASON:






[image: image133.wmf]VDiskNmF2AEONadirAngle[SEASON]
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VDiskNmF2AEOSLT
Predetermined Variance in the Disk NmF2 adjusted linear offset (AEO) due to the Scaled Local Time (SLT), as a function of SEASON:
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VDiskNmF2AESNadirAngle
Predetermined Variance in the Disk NmF2 adjusted linear slope (AES) due to the Nadir Angle, as a function of SEASON:






[image: image135.wmf]VDiskNmF2AESNadirAngle[SEASON]

EQUINOX

3.0E+02

SOLSTICEjun

3.0E+02

SOLSTICEdec

2.0E+02


VDiskNmF2AESSLT
Predetermined Variance in the Disk NmF2 adjusted linear slope (AES) due to the Scaled Local Time (SLT), as a function of SEASON:






[image: image136.wmf]VDiskNmF2AESSLT[SEASON]
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VDiskNmF2EEO
Predetermined Variance associated with the Disk NmF2 linear offset (EEO):






[image: image137.wmf]VDiskNmF2EEO[SEASON]
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VDiskNmF2EES
Predetermined Variance associated with the Disk NmF2 linear slope (EES):






[image: image138.wmf]VDiskNmF2EES[SEASON]
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VLimbHmF2EESLT
Predetermined Variance associated with the Slope of the Slope-of-the-linear-function-of-Limb-HmF2 versus Local Time, as a function of SEASON:






[image: image139.wmf]VLimbHmF2EESLT[SEASON]
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VLimbHmF2EESslope
Predetermined Variance associated with the Slope of the Slope-of-the-linear-function-of-Limb-HmF2, as a function of SEASON:






[image: image140.wmf]VLimbHmF2EESslope[SEASON]
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VLimbNmF2EEO
Predetermined Variance associated with the Offset of the  linear function of NmF2:
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VLimbNmF2EEOLT
Predetermined Variance associated with the Offset of the linear function of NmF2, versus Local Time:






[image: image142.wmf]VLimbNmF2EEOLT[SEASON]
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VLimbNmF2EES
Predetermined Variance associated with the Slope of the linear function of NmF2:






[image: image143.wmf]VLimbNmF2EES[SEASON]
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VLimbNmF2EESLT
Predetermined Variance associated with the Slope of the linear function of NmF2, versus Local Time:
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VNadirHmF2EEOoffset
Predetermined Variance associated with the Offset of the Offset-of-the-linear-function-of-HmF2:






[image: image145.wmf]VNadirHmF2EEOoffset[SEASON]
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VNadirHmF2EEOslope
Predetermined Variance associated with the Slope of the Offset-of-the-linear-function-of-HmF2:






[image: image146.wmf]VNadirHmF2EEOslope[SEASON]
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VNadirHmF2EESoffset
Predetermined Variance associated with the Offset of the Slope-of-the-linear-function-of-HmF2:






[image: image147.wmf]VNadirHmF2EESoffset[SEASON]
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VNadirHmF2EESslope
Predetermined Variance associated with the Slope of the Slope-of-the-linear-function-of-HmF2:






[image: image148.wmf]VNadirHmF2EESslope[SEASON]
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VNadirNmF2EES
Predetermined Variance associated with the Estimated Expected Slope:
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3.1.2.1  Nighttime F2-Region Reactions, Rates, and Variancestc "3.1.2.1  Nighttime F2-Region Reactions, Rates, and Variances" \l 4
3.1.2.1.1  Definitions of Reactionstc "3.1.2.1.1  Definitions of Reactions" \l 5
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3.1.2.1.2  Reaction-Rate Partialstc "3.1.2.1.2  Reaction-Rate Partials" \l 5
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3.1.2.1.3  Variances Due to the Reactionstc "3.1.2.1.3  Variances Due to the Reactions" \l 5
The following equations describe how the simple, singular constants in this section were calculated.  The equations build upon the tables provided in the previous two sections.  In particular, ScaleFactor[R] and Partials[R] can be found in the table of Reaction-Rate Partials.  The EstimatedUncertainty[R]  can be found in the two tables which define the Reactions; note that this is a percent uncertainty.
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The constants (variances) calculated from either Eq. 1 or Eq. 2 are now provided below:

VRatesNadirHmF2
Predetermined Variance derived from uncertainties in Reaction Rates at 1356 and 6300 Angstroms (using Equation 2, provided above): 
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VRatesNadirNmF2
Predetermined Variance derived from uncertainties in Reaction Rates at 1356 Angstroms (using Equation 1, provided above): 
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VRatesDiskNmF2
Predetermined Variance derived from uncertainties in Reaction Rates at 1356 Angstroms (using Equation 1, provided above): 
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VRatesLimbHmF2
Predetermined Variance derived from uncertainties in Reaction Rates at 1356 Angstroms (using Equation 1, provided above): 
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VRatesLimbNmF2
Predetermined Variance derived from uncertainties in Reaction Rates at 1356 Angstroms (using Equation 1, provided above): 
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3.2  Figurestc "3.2  Figures" \l 2
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Figure 1
Overview of the SSUSI Nighttime Non-Auroral F2-Region Algorithm.
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Figure 2
Examples of fits to Nadir HmF2 =[image: image161.wmf]A
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Figure 3
Sample plots showing how the coefficients (A, B) of the linear fits vary with Local Time, for several Seasons and Solar Activity Levels.
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Figure 4
Plot of Nadir NmF2 Variance in A (obtained from Single-Value-Decomposition of [image: image165.wmf]NmF
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) versus Local Time over 3 Seasons.  The 3 lines of each Season correspond to 3 Solar Activity Levels.  There was no systematic Seasonal/Solar Activity Level trend visible.  The relation [image: image166.wmf]Var
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 worked well here.  The [image: image167.wmf]10
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 term in Var(A) in the code stems from the Local Time fitting in A.  A flat [image: image168.wmf]10
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 was a good summary of that variance.
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Figure 5
Examples of why the division into Equatorial and Non-Equatorial is helpful in improving the accuracy of Nadir NmF2 vs [image: image170.wmf]I

1356

.  The plot is for Equinox, Solar Maximum, and 4 Local Times.  The points cover 4 different drift patterns and all latitudes.  Points falling in between the Northern and Southern 1356A Crests are denoted by '+'; points outside the crests are denoted by '*'.  In between the crests, upward vertical drifts make the profiles broader, and hence I1356 is higher for the same NmF2.
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Figure 6a
Plot of Nadir NmF2 vs [image: image172.wmf]I

1356

 for Equinox and Solar Moderate conditions.  Of note is how one slope covers all situations.  See also plots 6b and 6c.
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Figure 6b
Plot of Nadir NmF2 vs [image: image174.wmf]I

1356

 for all conditions.  One slope for all situations, with offsets varied to reduce residuals.  See also plots 6a and 6c.
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Figure 6c
Plot of Nadir NmF2 vs [image: image176.wmf]I

1356

, on a log-log scale, for all conditions.  One slope for all situations, with offsets varied to reduce residuals.  Scatter at the high end is reduced by Equatorial terms.  Scatter at the low end is reduced by Solar Activity Level terms.  See also plots 6a and 6b.
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Figure 7
A contrast of Nadir NmF2 vs [image: image178.wmf]I

1356

Nadir

 (see '*' and the dashed line) and Disk NmF2 vs [image: image179.wmf]I

1356

Slant

 (see '+' and the dotted line) for 4 Local Times, Equinox, Moderate Solar Activity, and Theta = 40 degrees.  Note that the slope changes on the Disk.
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Figure 8
Examples of how the best-fit A or B (B here) values vary with Nadir Angle.  Plots are B vs Theta for 2000 Local Time and the full grid of Season and Solar Activity Level.  Note that all fits pass very close to the origin (0,0), but the coefficients are guaranteed to pass through (0,0).
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Figure 9
Examples of fits to Limb HmF2 based on THM, the Tangent Height of the Maximum I1356 on the limb profile.  Conditions covered are:  4 Local Times, Equinox, and Moderate Solar Activity.  Dotted lines are the best unrestricted least-squares fits.  The fits work well, but of note is how the derived offset and slope values do not vary smoothly with Local Time.  Solid Lines are best-fits with offset = 0.0 (hardwired).  Note that with the offset hardwired, there was no loss in the fit, and that smoother Local Time variations result.  Note also that the slope does vary with Local Time.
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Figure 10
Examples of fits to Limb NmF2 based on [image: image183.wmf]I

1356

max

, where [image: image184.wmf]I

1356

max

 is the maximum measured I1356 on the limb profile.  Conditions provided are:  4 Local Times, Equinox, and Moderate Solar Activity.  Note that unlike the examples at Nadir, the slope of these fits do vary, in addition to the offset.
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Figure 11
More Coefficient vs Local Time plots.  This set is for Limb NmF2 under the following conditions:  Evening Sector (note the Local Time range), Equinox, and Maximum Solar Activity.  The top plot is for A vs Local Time, and the bottom plot is for B vs Local Time.  Diamonds represent the hourly values and the dotted lines are polynomial fits.

4.  Document Modification Historytc "4.  Document Modification History" \l 1
This section describes all modifications made to the SSUSI Nighttime Non-Auroral F-Region Algorithm since the Version 1.0 release dated 26-Oct-1994.

	Author (Name, Org, Date)
	Modification

	
	

	R. Weed, JHU-APL, 28Nov1994
	Added Section 4. (Document Modification History).



	R. Weed, JHU-APL, 28Nov1994
	Changed array notation from () to [].

Added Indices to all array objects.



	R. Weed, JHU-APL, 28Nov1994
	In the calculation of NadirHmF2-VMIR,  changed Log10 to Loge.



	R. Weed, JHU-APL, 30Nov1994
	Added step 2.6.2.2 Calculate the Maximum Measured Intensity (MMI) to the derivation of LimbNmF2.  Changed the required input parameters from MMI-VMMI to I1356max-VI1356max with appropriate units.



	R. Weed, JHU-APL, 30Nov1994
	In the calculation of NadirHmF2-VMIR, NadirNmF2-VMI, and DiskNmF2-VMI, 

changed to use new variance formulas (provided by M. Fox).



	R. Weed, JHU-APL, 30Nov1994
	In the calculation of VNadirHmF2, VNadirNmF2, VDiskNmF2, VLimbHmF2, and VLimbNmF2, changed to use new variance formulas (provided by M. Fox).



	R. Weed, JHU-APL, 01Dec1994
	Completely reworked Appendix section 3.3 based upon a new set of variances, rates,  reactions, and equations for formulating the variances (provided by M. Fox).  Also changed the ways in which VNadirHmF2, VNadirNmF2, VDiskNmF2, VLimbHmF2, and VLimbNmF2 were calculated (provided by M. Fox).



	R. Weed, JHU-APL, 05Dec1994
	Changed CDiskNmF2AEO and CDiskNmF2AES (see Appendix section 3.2) to use the new coefficients (provided by M. Fox).



	Author (Name, Org, Date)
	Modification

	R. Weed, JHU-APL, 05Dec1994
	Calculated values for VRatesNadirHmF2,

VRatesNadirNmF2, VRatesDiskNmF2, VRatesLimbHmF2, and VRatesLimbNmF2.  Values came from Appendix sections 3.3.1-3.3.2 and results were placed in Appendix section 3.3.3.



	R. Weed, JHU-APL, 09Dec1994
	Restructured the entire Appendix.  This was necessary in order to accomodate a complete set of Constants and Coefficients that are based upon a higher OO-Recombination rate.  Moved the Document Modification History (formerly section 4) into the Appendix (section 3.2).



	R. Weed, JHU-APL, 09Dec1994
	Added Critical Frequency (Plasma Frequency) derivations for Nadir, Disk, and Limb.  The derivations are named NadirFoF2, DiskFoF2, and LimbFoF2.  This caused a renumbering of data-product derivations in the LID.



	R. Weed, JHU-APL, 09Dec1994
	Incremented the Document Version Number from 1.0 to 1.1.



	R. Weed, JHU-APL, 22Dec1994
	Changed Appendix formats of JDO-Specific

and Variance values to be in MS-Excel spreadsheet form instead of MS-Equation Editor form.  Equation Editor does not support cut-and-paste of Text.



	R. Weed, JHU-APL, 11Jan1995
	Corrected Variance equation for VMIR in section 2.2.2.2, "Calculate the Measured Intensity Ratio (MIR)".



	R. Weed, JHU-APL, 11Jan1995
	Moved the Document Modification History (formerly section 3.2) back into section 4.  Maintains consistency with the Aurora LID.



	R. Weed, JHU-APL, 11Jan1995
	Removed the "brief" description of the SSUSI instrument from section 1.1.



	R. Weed, JHU-APL, 11Jan1995
	Enclosed in () every data item that is raised to a power.



	R. Weed, JHU-APL, 11Jan1995
	Changed the possible values for the REGION, section 2.3.2.4 "Calculate the Region (REGION)" from:

     NORTHERNnac,

     EQUATORIAL,

     SOUTHERNsac

to:

     EQUATORIAL

     MIDLATITUDE



	R. Weed, JHU-APL, 11Jan1995
	Added Text throughout the document (provided by M. Fox).



	Author (Name, Org, Date)
	Modification

	R. Weed, JHU-APL, 12Jan1995
	Added more Text to document.  Changed the value of the Reaction Rate Partial for DiskNmF2[Alpha1356] from 0.0E+00 to 3.0E+03.  Changed the value of the Reaction Rate Partial for LimbNmF2[Beta1356] from 0.0E+00 to 3.0E+04  (see section 3.1.2.1.2, "Reaction-Rate Partials").  Updated the values of VRatesDiskNmF2 and VRatesLimbNmF2 in section 3.1.2.1.3 "Variances due to the Reactions", to reflect the Reaction Rate Partial changes.



	R. Weed, JHU-APL, 13Jan1995
	Added Figures and Text to new section of Appendix (section 3.2).  Figures provided by M. Fox.



	R. Weed, JHU-APL, 16Jan1995
	Changed Appendix formats of OO-Specific 

values to be in MS-Excel spreadsheet form instead of MS-Equation Editor form.  Equation Editor does not support cut-and-paste of Text.



	R. Weed, JHU-APL, 17Jan1995
	Incremented the Document Version Number from 1.1 to 2.0.



	R. Weed, JHU-APL, 22Jan1995
	Performed minor text corrections, and changed the calculation of the Nighttime Sector (SECTOR) in 2.6.2.2 and 2.7.2.3.  Corrections provided by M. Fox.



	R. Weed, JHU-APL, 22Jan1995
	Incremented the Document Version Number from 2.0 to 2.1.  Removed the "DRAFT" indicator on the Title Page.



	G. Crowley, JHU-APL, 22May1996
	Incremented the Document Version Number from 2.1to 2.2. Updated algorithm due to changes in code from test. Updated for Paul Straus’ comments.



	R. Gary, JHU-APL, 24May1996
	Incremented the Document Version Number from 2.3 to 2.4. Updated for Paul Straus’ comments.




